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Cloth simulation is an important part of computer animation. It is widely used in 
film, television, games, and the textile industry. Cloth simulation is committed to 
simulate the movement of real cloth deformation effects, and the research covers 
computer science, physics, mathematics, and art design disciplines. The cloth has 
delicate geometric modeling and complex physical characteristics, which causes the 
cloth simulation become as the most challenging research topic in the area of 
Computer Graphics. 
There have been numerous studies of dynamic Cloth Simulation, however, the 
stability of building stable cloth system in the explicit integration framework. In this 
paper, a cloth simulation algorithm based on position constraints has been proposed 
with the theory of kinetic constraints. The algorithm does not involve calculating the 
internal forces during the entire calculation process; it achieves updating particle 
positions with directly moving the particle. The main work in this paper as follow: 
Firstly, this paper presents a comprehensive detailed introduction of fabric 
physical modeling, numerical integration methods and collision detection technology. 
Then, this paper describes the cloth simulation algorithm based on position 
constraint. The main innovation of the algorithm is to improve the traditional particle 
- spring model, remove the spring internal forces in the model: (1) Remove the effect 
of the structure spring, define the location of the distance between two particles 
adjacent as structural constraints; (2) Cancel the force of the bending spring, and 
define the dihedral between the adjacent triangular faces as bending constraint; (3) 
Define the fabric collision as the location constraint which between the particle and 
the collision surface, and realize collision response with projection constraint. In 
every calculation, the particle position witch driven by external force in the next 
moment with explicit calculation, and solve the constraint equation with the predicted 
position, then iterative updating the particle position which meets the constraints. And 
















Finally, this paper presents the algorithm simulation results and analysis. It is 
improved by experiment that the sports deformation and slitting of cloth could both be 
stably simulated with this algorithm. 
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服装设计软件的出现完全改变了传统服装设计的过程。如韩国 CLO Virtual 
Fashion 公司的 CLO 3D 服装设计软件，便能够极大方便服装设计师的工作。服
装设计师只要设计出服装的 2D衣片，就能由计算机生成缝合后服装的 3D模型，
并能够模拟出模特的穿着效果，如图 1.1 所示。 
 
 




























































表 1-1 建模方法分类及经典代表 
分类 技术目标 经典代表 
几何
方法 
高效率 
Weil[1]悬链线模型模拟布料静态垂悬效果 
Hinds 等[2]提出的纯几何变换的布料变形模拟方法 
Hadap 等[3]提出的基于纹理生成几何褶皱方法 
Ng 等[4]提出的衣服层和皮肤层的双层几何模型表示服装 
物理
方法 
逼真性 
连续体
模型 
Terzopoulos 等[5]提出的弹性变形模型 
Etzmuss 等[6]基于线性薄壳理论提出的线性应变应
力模型 
Eischen 等[7]基于非线性薄壳理论提出的非线性应
变应力模型 
Cirak 等[8]基于细分方法提出的细分有限元模型 
离散体
模型 
Breen 等[9]提出的粒子模型 
Provot[10]的基于四边形网格点的质点—弹簧模型 
Baraff等[11]基于正交异性板理论建立的通用粒子模
型 
Bridson 等[12]在三角网格上建立的“纯弯曲”模型 
Choi 等[13]提出的立即失稳模型 
混合
方法 
实时性 毛天露等[14]提出的服装与人体的混合模型 
Feng 等[15]提出的变形映射混合法 
 
近几年随着新技术的融合和应用，又演化出许多新的布料模拟方法，如动
态多精度模型法、约束动力学法、数据驱动法等。Lee 等[16]提出了逆向简化的自
适应网格模型，首先建立高精度布料模型，并根据布料变形程度把布料分为两类
区域：动态平滑区域和动态褶皱区域；然后分别计算不同区域的线性系统。动态
平滑区域能简化线性系统的规模。周川等[17]提出了基于动态刚度方法的屈曲力
学模型,并由质点—弹簧模型实现，模拟布料弯曲变形时生成的褶皱更加自然。
Müller 等[18]提出了位置约束的方法实现了布料可交互的实时模拟。Otaduy[19]通
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